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^1^1 iB5J4 7Wb U V— 3 £ ZL afls ^ {Stencil mask having 

auxiliary and main struts and method for forming the same} 

£ l£- f^efl 7l#oll af^. Dfi 3 ^ ^p-A^ 7 fl^^ o.S IEa]^ A>Al£o]cf. 

£. 2^ £ 1^ ^^-1- ^tflSH £A]*V cj-Tgiolcf. 

E. 3a £ 3d^ aJaHH) h|-= p> i3 o| ^ o. la |x 

^ £^t^, £ 3aTr ^^Eolji, £ 3b^r £ 3a^l afl^JEolji, £ 3c ^ E 3a ^ £ 3b^ 
IIIc - Illc'^d ^E°]ji, £ 3d^ E. 3a ^ S. 3b^ II Id - Illd'^i ^£o]c|-. 

5. 4a ifl^l 5. 4d^ £-1^1*1 *fl2 ^*HH ty^ ^tffl^J n^H^I ja.JjL ^-§- i£o^ 
^ E^l^-I, £ 4a ^ sgTg^olji, E 4b ^ £ 4a o) yfl^^olji, 5= 4c ^ J£ 4a ^ E 4b^| 
IVc - IVc'-id ^E^ul, E 4d^ £ 4a D ^ E 4b ^ IVd - IVd'^d #^E°-|t}-. 

E 5^" ^13 ^Al^ojl ECf§ n>^a.oflA^| DflO] AE^l^] o^ § |.^ ^l^s]^ 

iL^^r ^Eo"|t)-. 

£ 6a E 6i^r l^S] ^1 ^aH]o)1 rcf^. p }a 3 ^ tiV^-§- Ajt^^ 7 ] 

£ 7a vfl^l £ 7i^ 1^2} ^2 ^A]oj]ofl rcj-^. d}a 3 ^ aj-^^- A^^^ 7 j 
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100: D fi3, 110: ^«.eflo] ^.g. wvn^ 110A: ^y.efl<y H0Aa, llOAb, 

llOAc, llOAd, llOAe, llOAf: <8^, HOB: ^Jfl <3^, HOC: ^1^, HOD: *fl2 

^, 112: 7fl^, 114: <g <g , H6: , 120: iH^, 122: ^sl-^, 130: J± 

S 130a: f^-?-, 132: iLJl^- ( 200: ^tffl-M 4—3 , 210A: 'S^.eflo] ( 2 10Aa, 

210Ab, 210Ac, 210Ad, 210Ae, 210Af: ^ ^JisflSl , 230: iB^J, 230a: «JJf. 

^-^^r €^3)- ^ f>}#& (charged particle beam)# *r-g-*H B^^isfl^ 

*r€£ SJ*Hd# ^>-§-*>^ £]iH5flsl 7l#o] 7 fl^ji ^cf. zi 
^ S sfl^ ^ "o^l *H^$m. (41 # 1-^, ^ ^15,831,272^1). 
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<i2> ^a>^ e]izLEflj£) 7]#^ EPL (electron-beam proximity projection 

lithography) LEEPL (low energy EPLHH^ ^31^3 ^€ 7^1- 

•3°] ^4^-2.^ ell^l^H $H ^4^4. 

<13> £ 1^ EPL S^r LEEPL A>-g-5l^ f-#^6l ^31^ n>^£l( 10)^1 sj*. ^^g- 

^^fl^l ^ M <^iL^ Sfl^, ^31 °jSH tfl^>^ Jf^l^r 

7l7jl^ 7 0 ^f ji^s^l ^tr is?} (strut) (14) ^7>^ 0.5. vilB^S 

<14> £ 2 ^ 5L 13] ig^ *>^H(10)2] M-Bl-vfl ^£^14. £ 2<Hl M-Bf^H 

w>4 ^H, ^ti.efl^I(12)^l^ nl4*V sfl^cH] cfl-g-^H 7fl^(12a)7> oicf. # 7 ] ^ 

^ *r^3(10)#°ll ^7>«](20)ol SAfslTg #71 7fl^(12a)» -g-^H ^^h^°l 

#21 ell^l>lH^-(£Al ^)ofl TrflElol ^Af^C)-. 

<15> #71 7fl^(l2a)^ #71 efl<=Q(10)-g- <^H^>^ JH^sHg ^Hldl 

r^til-ol^ ^2:1- n]Afl sflEl, ofls. s.^ 0>1 m n]Afl sfl^o. t}^ ^ 

°fl^r °1# #7l 7fl^-(12a)« 4 1 ^ nm 4i-^§- 7}x)S.^ ^_9_7> ^cf. zl 

£31, #71 7fl^(12a) ^#^r ^tr ^W-^l^ (12)2] 413) «g*Hr 31 Qt}^ 

2r°^^ 7fl^-(12a)* ^SMl 3-S* r 7l flSHfe #7l 7fl ^( 12a) Si °r^H*l (aspect ratio), 
^ #7l 7fl^-(12a)Sl a^oj) cfltr «3 J± 2fl 6] (12)21 ^jo] y) 7 ]. ^jjL 3*1 &o>°) *>t}. 
uJ-bH ( sIjl jsfl^ ^^^>7fl <§^§>7l #71 7fl^(12a)2] o>^^]HWl« 33 
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^iLJL ^^o) *H, ol* A oM ^tiefl^l(12)^ ^^11- 7>^*1 gj^l, ofll- 

^ 1 pan v\^*\?s\7\}^ 500 nm o]t}S. 5)5.^ ^Ho) ^j-cf. 

<ie> ZLEiM-, ^a.eflo](l2)^ ^17} z\)<£(i2)-£r ?M*l7l ^JL ^y.eflo](l2) 

ifl«-o]]A| -g-^o] 1^-^^^ ^w.efl<a(12)^ SE^r 2fl^-o] ^EflsH , ^ (12)^- 

^\^\^ sfl€^ oj^-M-^ ui|*l (image placement error)7]- 

<17> ^ _g.^ # ^^^ 7 ] o^a} n>iH#ol ^]°J:5]^^-M- ( 

^ ^16,261,726 BIS ^ eJ-g-^ ^-7fl5g 15 ( 2003) -598 19 Jl) , 
^€ 4iHt^ tfl«-^- -f-^voj ae^ia oi-g-^c^ ^ti.efl<y *H*H=r 7M^ 

<18> ^^l iB5!i ^^tt ^S.efl<y Afol^ ^ 

*fl^§- 7>srH ^rjl£ ^W_eflO] T^o}]^ o-^o] cg^o]] i^ti^Olol ^ 



01 - 4i3t XR*Rr ^olcf. 
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[*^^ ^ 31 *]--§-] 

^iefl<>l <3<3# *V^e>^ ^711 ^-g- ^iefl<?l tg^-g- «vnv^ x^}. #7l ^i31 

^ °J ^ °fl A oM ^i3l<£l <^^o] 4^0] ^ieljo} <3<*]o.i i-Pr^lS^- iS 

°] ^-g- 4V7I Pflo] ^1514 tfl^jL ^11^4- ZL wVnfl^ ^12^^- 7MJ1, ^-71 

iS SJ=^ >^7l *fl2^ -§-*H ^#S]<^ & TT 7^Cf. S?h 4V7I iS Si^^r 

^-71 ^ieflo] *§#-g- tO-nT-o} ^ligO. S «.E-1 4V7I ^111^4- ^m^Rr ff£S *fll 
<2#£H 5ai^ ( A oM *fll ^ol^ Aj-71 nflo] ae^o] ^olitf *}-nf. #7] jg. 

S ^71 riflo] ae^4 ^J=L 4>7l TjTil ^ ^i 

^ ^^^1 s^ #7l is si^s] ^ji iis^ 

4 s #71 #7i is sh^^i »u s^-g. *fl£| s^* S 
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<23> A o v 7 j ^jd^o} ^-§- ^Tfl #7l ^]o} ^>°Hli=r #s|-^°l 7fl 

<24> AJ-7] ae^}^ H ^^*] *§#^- 7>*3 ^ olcf. S=fe, #7l Ji 

2: ^H^^r "U" ^ ^§#* 7}7l£S ^ K x£o) c£*. 7 y g^^o] oJi=. 

<25> A o V 7] ^ ^B^^: #7l ^31*] <g ^°1 ^ « ^S}^ 4^ a^. 

^ AS Lpf<^1^4 #7l til3fl^ ^o^oll ^#^4- 

<26> A o V 7 ] cj.^. S.^^. ^Oj, M. 1^0) ^ ^ofl ufs P>^3 

"?H>H*r ^^>-tl<Hl ^l^ sflBl^- t§^*>7l o]*]- 4^0) sflEl Cgo^^, ^-71 Z]- 

Sfl^ A\o)d\] ^^5]^ a] 3^ ^ Z^Z}- 4^3} ^^.efl^l ^^4, #7l 

eflo] ojo^ ^ *Vtt ^Tfl ^^-g- i^Jl *flll£ ^ ZL «>cfl^ ^12^* 7>^1^ ^tUfl<y ^ 

#-§- A oM ^«.eflo] ^#-§- «J-^6fl tfl^SRr ^)1^ ^ ^z. ^12^-i; 7>^1 ^ 7l^r, 

#7l ^«.eflo] #7l A y 0 )6\] jfl^sH 01^ AVsj-^o. 

i^Rr 4^-1- ^tll^Vcf. ^1-71 alsfl^ ^^oflA-l ^7} ^^-g- wVBVcq ^]2^0.S.^- 

3 #7l 4^ 13 M: H 31*1-1- ^^rt}-. #7l B31*l ^<Hl *l*l^h8: iL2: ^H3i 

* ^#t^. #71 71^ #7l ^JiBfltl 0 J^^1 91^ X\}>\K}<*\ #7l ^7^1 

#71 efl<y *i*i<5Kr ^o] ^e^-g- ^A^vcf. 

<27> aV 7 | v)}°± ^7)1^ #71 SH^ol ^ ^fl^tf. 

<28> #7] 12: iB^f ^#§Hr ^711^ #71 H€*l Ul ^Hl JiLJl^-g- # 

71 M D -j ^1^1 #71 ^1^1^ 5E^-*VtK 
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^^ofl *}A> 3fl^ol ^Ajj^-gL Aj-7] ^ti.eflo] ^.g. HVnV^ ^-f-^ 7^* ^ # *Rr #31 
» 3 It!l4. #7l 7fl^# ^#*Rr #7fl£r #7l ^.2: ^ ^1^1 iB^°l ^£ * 

#7l B2 ^ ^Sl ^B^ ^^^>7l *H ^^T}. 

<30> gc^ # 7 ] rgS§is}7) ^ ^^1 A)2 ^Bflofl ^ ^^1^ P>^H ^1 

2 U"lH>Hfe 7]^:, #5^ ^ Aj^S yvn^ol S 0I 7]&& ^1^4- #7l ^ 

3. «VnV o^j # 7 ] AJe^ ^-Qr ^ t#*l ?} 1 ^fl * ^ tb^ . #7l ^1 

—3 3flH^r ^4 *H ^ 71^-1: ^^><^ B€*l» ^^tb^-. 

#7l B31*l ^l^* ^ 12 ^B^ ^#W. #7l #71 -LlsKMl Cfl^sr> 

*r ^ tilcfl^ igofl 7^12 3H^1* %J$ #71 ^12 nfl^-g- Alz]- p}a 3S ^ 

^ #71 71^ #2l-sM #71 uvni-cq ^Befl^l ^<*-|- tb^sRr ^B^-i- ^#tt 

cf. #7l ^Befl<?l ^^HH #7l 12 iB^Hl sl^H ^51^ Sfl^ iflofl ^A> Sfllgo] 

^#£l£s. Aj-7] ^el^. ^Kg- #3§.*}^ 7 fl ^i- ^#*>rf. 
<31> ^-7] cf^ S.^o. ^^7] <^}<*|, ^Vrgo) ^3 o^Eflofl ^1 

2: ^^H^ 7l#, #51-^- ^ ^Sl^ tiVBVol SOI 7l^f ^1*1 4. # 7 ] ^ e) 

^ «V^HlAi Bfl^l ^ ojs. a^o]^ U]^J& cgo^ 7^]^. J^o] nfliieflo] <g <*j 

^ °1^# *M^Kr TjTfl <3^* <i^W. #71 Sflli <3*H1 ^A> 3Xfl^ol ^A^^S. Aj-71 ^ 
HVnV^- 7 ]]^S. *g#^-cK #7] a] 2)]^ eg ^ 6fl A-] # 7 ] ^ ^ ^ ^#^71^ 

^ #71 7fl^7l- afl^ ^03 ^1 TjT^l <^<^# ^1 ^>iH ^#*lc)-. # 7 ] ^1 1 

v}^3. sfl^l^- #zl- c}ias *H #2)-^ ^ 7l^ #7l <3<* 

°fl B^l^m ^#*icf. #7l B€*l ^fl^l ^l^K 1 -* ^K-l 12 2B 3 il- ^#W. # 7 ] 7l^ 
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-8-71 ^A^) t^sHr a>tfl^ Tgofl 2)12 4^3 sfl^^r ^^W. #7l *\}2 4^3 zfl 

^* ^IZ]- *H 71^ 4]Z^H #71 331 ^^H iflHi^ol ^ 

<32> M. igj-tgofl 14=. ^^1^ c}i3r ^ W.^o] <^ ^ o] u\}o] ^e^jt}. iLS r^B^Hl A §H 

^w-efltl tiling 3711 3-fofl51 ^y.efl<?l^ ^ SE^ fifl^- 

3^ 3* 2151, ^1 AA °]AA tifl^l ^l5l» ^ S5Z^ *H€3 fl^l ^ 

13517} 7^>S)^ $ + olcf. ^ > ^ ^E^cq H fl*]<4 ZL 3- ^ ^ol§ tq-O^^Tl] 



£ 3a^ -g- *g*$A afll <&*M<$ A^ p>^aL(ioo)S] ^ i<^^^ 

5Lo1ji ( £ 3b^r 51 3a£l wll ^51°1 tf. 21^, 51 3c ^ 51 3d^r AA 51 3a ^ 51 3b ^ IH C - 
Illc'-a 31 Hid - Illd'-a ^Sl^t}. 

51 3a ifl*l 51 3d» , ^3(100)^ 4^ ^a.efl<y ^^(110A)4 A o v 

71 ^«.eflcQ <3«3(110A)# tb^Hr 331 ^^(llOB)-g: A A ir ^J±5ll<y ^^-g- «WllO)-fr 
SE^t^. ^7) ^«-3] < ?] ^(llOA)^ AA #71 ^J-LBflSl ^-§- ^(110)31 ^Tll 
(110BH1 *8^€ iflSl ^B^(120H £]*H ^ ^€cf. ^71 ^«.efl^l 

<3^(110A)£- *>M-S] 3 ^ 5atK -*7l ^WEflo] ^^-g- ^(100)£ ^7} 

^]o] ^3.^.(120) A cfl^*>3. ^111^(11004 3. ^12^(110D)# 7\AA. 51 
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3a<M^- #7l ^«.efl«?l *§^-g- ^(110)3 ^111^(1100* 1- ^ £ 3c<*lH^ #7l ^ 

J±31<?1 ^^-8- ev^-S] *H2^(110D)^r 1- ^ 5W. 

51 3c ^ JE 3cHl M-Bfs£ ^-0] , #7} ^*3l9j ^-g- «^(110)^ <^ <3 

(HOB)^- #7l nflo] ^H^(120)S)-^ A>olofl^ A>^.n|-( 1 22)ol 7fl7flS|^ olcf. 

£ 3b<>fl £.Altb ^-o] # 7 1 ^y.efl<y ^^(110A)^r *J-*I€ "^Hd, -i-^ 
w^o] J^ig- ^ oi^s. 7 fl^(H2)7> sflTf} ^<3(114) ^ oil- a>o}c]1 o] 

*l£)*r wl^fl^i ^^(116)-i- 7}^i}. #71 ^^(116)^]^ #71 ^^(llOA)^r 

#71 ^ ^^(114)011 cfl-g-sl^- 4^01 ^ti.eiioi ^^ (110Aa) 110Ab> n0ACj n0Ad) 

llOAe, 110AOAS M-^t^a-1 #7l z| ^tuHol cgcdQioAa, llOAb, llOAc, llOAd, HOAe, 

llOAf)^- *l*l*Rr iH^(130)ol oicf. #71 i2 iB^(130)°ll <£|«H 

^Itt ^ ^ ^J±efl<?] ^(llOAa, llOAb, llOAc, llOAd, HOAe, HOAf), ^ sflB} ^^(114) 

£r ^ «KE*ll "H5LS1 4l7>^ ^ ^ sfl B iol V}^5\o] 01^ >g ^ ^ S ^€ ^ cO^ 
#7l ^1 AA SKE*fl 4i7,>ol ^JjL ot 10 ~ 100 n>^- ol^^ol ^ 

<Hefloi ^Efls yfl^^ol ^jl, #71 z}- ^ oiefloi^ 100 m ol4 voi 3.0. ^£ 
oj^ofl o^H A-1^ z^sH 5at}. #7l ^ti.ell<y ^^(110A)ol <5H-ol ^ oi^oi^ cfl-§-^>£ 
^ ^5)^ #71 ^fl oleflol a € ^Hi ^l^Hfr Tlel^ #71 i^l 

^ ^3.(100)21 ^31*1 ^^(HOA)^ofl ^I^tt #7l wlzim ^^(116)^1 S-o\) cH-§-£l^ ( 

#71 <^(ll6H]b ^ 10 ~ 100 im2) ^H^(130)ol 

4. AA^ ^w.efl°J <3^(110A)-£- *f 100 m °l#si 7Mb 7^741 ^UlOBH 2] 

*H <^7H, #7l ^ti.eflol ^^-§- ^-^(110)^r Ol^ol^ + olcf. 

#71 iiS ^S^(130)^r #71 ^y. 
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^)°J ^-§- ^(110)^ cfl^= -e-A>*V iHefli #:gi ol 5jo] y>^-2i 

*>4. #7l ^H^(130)^r TiN^, Ti^ £Ett <>1#£| 

°l^-<H*lfe ?}°1 WV^-^^>Cf. *fll ^HHH^ #7] 1£ ^S^(130H -ZL lfl«-7> 

<38> £ 3a, £ 3b ^ 5. 3<HH ° s v *r Sd^r *W Qo], #7] iS SB^(130)£r #7l ^M. 

eflSl ^^-8- ^UlO)* #*«H ^^M, #7l US SB^(i30)^r #7] ^iell<?l 

^^-8- ^(110)^ >H2^(110D)-i: *«H #7l iS SB^(130)^r #7l ufl 

°J SH^(120)4 ^ #7l T^Tfl ^(llOB) ^i <?!#£M &tt #^(130a)» 

7\^A. 

<39> a o > 7 ] ^ 2 ^B^(130)^ #7l ^iell<y ^-g- ^(no)s] ^l^aiOOii^fEl #7l 

^U^CllOC)^ ^iUff}^ «o V ^S. *fll ^o]( Ll ) n>3. c^Vs]^ olOp] i # 7 ] ^ol( Ll )^ 

#7l pfl<?l SH^(120)3l zH(L 2 )i^ *}.t}. 

<40> a o v 7 ] ^ iH ^( 13 o)£- zl #71 ^^.ell^l ^(no)^ *fl2^(110D)^r 

^#£1^ ^1^1^ i^C^ii 5^. #71 iJ^C^)^ #71 iS 

SS^(130)* ^ ^ nilo] ^B^(120)^r %^ *fl, ^4 ^^ofl # 7 j iS SH 

^(130)^- iS§V7l ^*Kr ^o|cf, ofl§ 1-^, # 7 1 iS SB^(130)°1 l-e]^sl€- 

nM^l-b ?A°) wV^-^i^i-ci-. #7l nflo] ^E^(i20)oi ^ei^nvo_ s ^^slji #7l is SH^ 
(130)^1 TiN^h S^r Ti^\°S tM§€ ^-f^l^ #7l nflo] ^H5J(120)^ iS Si ^ (130)4^ 
^f°Hl^ ^4 ^*1* ^-i^" ^ ^i°i #7l iJL^(132)^ ^€ *r 5^. 
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<4i> ^y)^. v}q± ^o], a. i£^oflA^ #7l ^±Uflol <3^(110A)°] 4. ^ ^£|^ 

4*r^ ^(lUH cfl-§-<5rKr ^ ^±Uil£) ^UlOAa, llOAb, llOAc, HOAd, HOAe, 

110Af)^.S ^o]^ z}- ^_a efl o] ^^ (U0A) ^oflA^ t\ g-ig <3<*(n0Aa, 

llOAb, llOAc, HOAd, HOAe, llOAO^r ^(116)^1 12 2S^(i3oH 

I" ^-2-7> &cf. s^, -f-^o^ i^]^ *}2H^ ^ofl^r ^H3l<y ^« 0 V ^ 3*} ^ 

(customized) 23!^ p}2a. ^l^M 7>^-^>cf. 
<42> £ 3a ^A*] 5. 3d^l -M^HHH^ #7l 12 2^^(130)^1 ^ ^7]- *fl 

t-1 7 J ^ A o V # 7>X]^ 30.3. ^^S^M", ^«*fl 2^ *}2H^ °H1 

<43> £ 4a £ 4d^ -g- z\)2 -^HH ccf€- 23!^ ^23.(200)1- ^^§>7] ^tb 

S^^-sL^, £ 4a^ 2^1^ *}2H(200)£] ^* ^S^lJI, 5E 4b^r S. 4a ^ aflig 

^ojcf. £ 4c ^ £ 4d^ zj-zj- .£ 4a ^ J£ 4b£] IVc - IVc'^I ^ IVd - IVd'^d 

<44> a. ^-t^o^ ^2 ^Hlofl afs. a^i^ u>2H.(200)^ ^^Htt ^y.efl<=Q ^-g- 

(210)^ ^tUfl<?] <^(210A)^- 4^ ^ ^w.efloJ °§ <*| ( 2 10Aa, 210Ab, 210Ac, 210Ad, 
210Ae, 210Af)^.S H-^a4 ?J- ^ ^*Lz]}°) ^^(210Aa, 210Ab, 210Ac, 210Ad, 210Ae, 
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210Af)-ir &3i ^H^(230)ol »U" ^Jtf-g- 7>^c]-. ojsf ^ ^^j. 

<*|, #7l iS SH^(230)^1 ^-71 rijti^o] ^^.g- «v^(210)# ^f-*H }r.%S]o] oi^ 

^^-(230a)7> i^SSH ^cf. ^-7] is SB^(23)^r *H^1€: M-°1*l *U ^ 

<45> -£ 5^r ^- i^]^ *}SH(300)# tjflo] iH^(320H S]*H *1 *1 ^1 

^iefl<y <^(312, 314, 316, 318)°1 nf^*V ^ afl^s. 7 ].^- i2l ^ (33o)ofl 0^} 

<*} 4^ ^iefl^l <3^(314a, 314b), (316a, 316b, 316c, 316d) ^ (318a, 318b, 318c, 

318d, 318e, 318f)^.S. *1*1£]tt i^^cf. #7l 12 ^B^(330)^ HI 

^(line) ^Bfl, 3L^r ^-91 (line and space) ^^\Mr S.^ ^ 

<46> £ 6a vfl^l £ 6i^ ^-^^| ^ 1 ^Alojloj] itj-s. v}^3. ^S «o v ^* ^*}7l 

<47> £ 6a« ^2^, 7l^r(512), ^Vs)-s]-(514) ^ efl<y ^-g- «]-s]-(520)ol ^>sfl^ ^ 

4^-sV(500)-ar ^7} 7)^r(512)ol aJs^-s 7}QSLS. =f-^5L, ^7} ^iefl^l ^ 

^-8- ^(520)°l «v^o. s SOI (silicon on insulator) 7]%& #7] ^-^v 

(500)^5. Aj-g-^- ^ oicf. 

<48> ^a.eflo] ^.g. «^(520)^ #7} 7l#(512Hl ifl^Hfr ^1^(5203) ^ =L i&tfl 

^ *fl2^(520b)* 7>^lcf. *Eth A oM 71^(512)^- #7l ^iefl^l t§>£-g- «vnV( 52 o)o 1 l tfli£s> 
tt ^ll^(512a) ^ H o>tfl^ 7H2^(512b)* 7>Alcf. ^7] #5^(514) Aj- 7 ] ^y^eflo] ^ 
-g- ^(520)£l ^ll^(520a)5z]- Aj- 7 ] 71^(512)^1 ^1^ (512a) ^ *}°] °]] 7]\^\S\o] ^4. 
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<49> a o v 7 ] ^.^.nv (500) ^ ^H.eflo| ^.g. hv^-(520) 3H1 ^sK 1 - ^ele ^3)-^- 

^5]^ *}^H#(532)# ^^^Jl, #71 €r>j= p>^af^(532) $H 3^31*1 

sH€(534)-§- #7l Ilefl^liE ^^(534)^ 10 - 100 /zm^ ^ iflolM ^3 

£r cf^tt 7>^1^ 7fl^(534a)l-^: -f-*M #7} *>i= ^£^(532)^- ^t^l^t}. 

7fl^(534a)^ Hl-^I Sfl^ 2L^r 2}<y <?H = i^H^ ^Bfll- 7>^ ^ ^4- 

<50> £ 6b# 4i-7| i£efl7lAE 2flli(534)* ^ ^i3S #7l ^J-JE. n}^ 

3#(532)-|~ #4*H #7l ^H3l°i ^§#-g- «>bt-(520)# ^#^7]^ Sj-JE. d[a 3 3fl^l(532a) 
* ^th=k 0 M*1, #7l *KEL f> ia 3flH(532a) ^ i^efl^^H sfl!i(534)-i- ^4 *}^3. 
S §M #7l ^w.efl<y ^#-§- «|ev(520), #3KH514) ^ 71^(512)^- ^14^H #7l 7l# 
(512 H ^ 10 ~ 100 w&\ ^ ^-^tl- 7^1^ H^l^](536a, 536b)» 

^W^K #71 H3!*l(536a, 536b)^ #7l 7]^;(512)^ % ?f-v\]!Lt\ 3o|f 7>^£^- ^ 

<5i> £ 6c«- 4M SLSefl^H 3tflBi(534)* ^71*1 ^, #7l B 31*1 (536a, 536b) 

^1 ^ ^ #7l <5}£1 p>^H s|lBi(532a)2l #^<>1} HJ:^-(540)^: ^^*>J1, #7l ^.S^-(540) 
$W #7l B31*l(536a, 536b)» *l*m(550)* 

<52> a o > 7 ] £LJr 13}- (540)^8: ^<HH #7l 71^(512)^- nfl ^ xl *1 550)^8: ^ 

3LT5\7] $\-5}o] %^?>\^ 5jO S ^ 7 ofll- Ti DV > XiN ^- ( ^^3. ^2}-nV ) cr^ olfS] 

ol^ol^ - cicl-. 4V7I ^1^(550)^ iLS ^B^-gr ^ ^ Ofl 3)iL*}- ^JlS, ^l 

1- l-'S, 1-^^sl^-^", TiN^I , Ti^\ 5E^r ^1-i-ol ^n|o_ s ol^-o]^ ^ o|cf. # 7 1 
^1^1 ^-(550)°1 TiN 1 ^, Ti 1 ^, £E^r °lt°l S^-^B ^^cvj^l ^ o. ( j$ 7 ) g_ s.^(540)^ ^ 
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<53> ol ttfl, ^y) H^4(536a)4 4°1 zl s.o] ti] ja^ ^-f^ #7] B^*l(536a) tfl^f 

7} #4 444(550H1 4*M 44*1 *1]444, 44 B€*l(536b)4 =L ^ci\ *]ZL2\ £ 

£r ^"71 B^4(536b) xfl^ U^^l a o v 7 ] 44^(550)0.3. 4444 44. 

<54> £ 6d» #2S^ f CMPCchemical mechanical polishing) SE^- °1144 4tl4 4*>4 4 

71 H4*l(536a, 536b) 4^4 44 4(550)* 4144-4 44 B4*l(536a, 536b) 4^4 
— H^^r ^44^ 44 4 44(550a, 550b)* ^444. =L 44, 47] B314 (536a)44^r 
tf7l J=4*l(536a) 4^* 444 #^ ^44 444 44(550aH ^44^, 4-4 H 

€*l(536bW4fe- 44 "U"4^ 44 ^4* 7H£.^- zl 3L44 ^^-(550c)7> 44 
4 44(550bH <2444. 

<55> ^-7] B5ffl*l(536a, 536b) 4-¥-4 444(550)-§: 44471 444 4*l y J} 4^* °l-§-4 

^ 44 444 44(550b)4 eM1^4 4-¥-(550cHl 444 447} ^44 

3.3.^7) 444 ^14^ ^4* °l-§-44 4°ll FOX (flowable oxide) 4" S^r S0G (spin on 
g iass)4°-5L 4^44^ 51^4-i- 44 444(550) 4°1] 44 °1144 ^4 

* 4-4 344* 44 44t!-4. 

<56> £ 6e«- , 47l 714(512)4 424(512b) 4°fl 44(560)* ^4 

44. 47l iS.ell4^H 44(560)£: 47l 4ii44 ^4-§- 44(520)^11 *§4€ ^J±44 °i 
4* tb44£^ ^4 <34 44 <S444. 

<57> £ em ta^, 47l l£efl^l±s 44(560)* 44 4^3.3. 44 4-4 44(512) 

* 4444. ^z. 44, 47] 714(512)^ 4-71 4:«314 ^4-8- 44(520)4 4-« 314 <34 
(522) 4<H1 4^ 4 -£-4 444^, 44 44(512)# 4444 ^ 44 4^ 4-^1 444 
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#7) 3*1 ^(524) ^-71 ^«.eflo] <3<*(522)* iB^(512a)<>l ^€ 

£ 6g» #2:*}^, #7l iSefl^^H 3ill H (560)* ^1 » *V ^, #7l ^ SEfe- ^ ^ 
^ y o^°fl <+S^*K514) , <#7] H_3L^(540)Si) t# ^ ^-71 <5}JE. p>^a 

5fl^(532a)-i- ^T^JI ^^S}- 7^ #71 ^aeflo] ^-g- *q-*K520)£] *fl2^(520b)# 

^#^1^14. ^ ^^h ^Hr^ ^ti.efl<y ^^(522)ol nflol iH^(512a)<Hl £)<sH , # 

71 ^ti.efl<?l <^(522)^ ^^ofl #71 ^11(5503, 550b)AS. 

^ JiS ^B^H] #7l z}- ^ti.sflo] <^^(522)o] 4^3] ^Jdeflo] <3<*j(522a, 

522b)^-S M-^o^^ji, #7l -g-^ ^^(522a, 522bH # 7 ] ^^n| sjj^ 

(550a, 550b)-°S. ^5]^ 112: ^H^Hl 2]*><*1 ^l*]^ ^2:7} ^o^^-. #7] £-*t" 

<^(522a, 522b)^r AA ^Hd^l 4H°1 ^3tt sfl€ S§^-§- 

-t^sMI <^7l^, #71 AAA 3flH(550a, 550b)o.5. ^#3^ £L2 iB^^ #7l ^ ta. 

3]^ <8^-8- ^(520)2] ^ll^(520a)A^E-]^ ^ol(L 3 ) 7 > v\]o] ^H5U512a)^ 

z}°l(L 4 ) icf d] ^-cf. 

£ 6h# #7] ^w.efl<?l ^^(522a, 522b)^ sflei ^^oi] 

ofl SjsH ^U}^ sflBi^- ^^^>7l ^ #7] ^y.eflo] ^-g- ^(520)^ ^12^ 

(520b) #7l ^ ^y.efl<y <3«3(522a, 522b)^ <H-f-# ^#^1 7]^r iSefl^l^H sflig 

(570)* *g^*H}. 
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< 6 o> E 6iS ^s}^ , ^-7] 5£J&efl*l^H ^(570)* *\^3.3. *H ^7} 

3l°J °J°4(522a, 522b )<M #7l ^w.efl9j tg^^. tn-nv^o)* ^z^H #7] ^iLefloJ *§^-g- 
«v^(520)# ^-g-SRr 7fl^(526)# «§>S3h=h 

<6i> JE. 7a vfl*l £ 7i^ -g- *fl2 ^]o|oj 4^ ^31^3 all 2: « Q >^^- H^}7l 

«.efloi 0304 iflJjLo} ^ cg^ofl sflBi^- $^71 <g^-§- ^# 

<62> £ 7a# 71^(612), -£3-^(614) ^ ^31*1 ^^-g- «]-^(620)o) *HlS 3 

4^(600)* #7l 4^(600)ol SOI 7}&SLsL Tj-f f ^ 0 V 7 ] 71^(612) 

^ 4JgJ^ 7}$;0_S- ^m^L, ^7) ^ fg^-g- M]-^-(620)^- ^O-S. ^^^4- 

<63> ^ a o v 7 | ^w.eflo] i§^-g- wKq-(620HH 3)1 ^ ojc* ^ ojs. A >olofl i^S]^ til^H 

7H^ ^«.efl°J °ll-* tlr^Rr ^Tfl ^^^r ^^*Vcf. #7l sfl^ <3 

^ofl sfl^^- ^^ 7 ] ^a), ^. 7 ] ^jieflo! ^^.g- wVBi-(620) ^Hl ISEll^liB ^ 

(630)* ^^*>JL, ^ *H ^"71 ^w.efl9j ^-g- «]-nl-(620)* ^zJ-*H <#7] 

^wefl9j ^-g- ^(620)* ^-f-*>^ 4^ 7fl^(626)l- ^^*>4. 
< 64 > £ 7b# #2^, >S-7l lUl^B 2fl€(630)* ^flTltb^. ^ ^, ^"71 7fl^(626) vfl 

-f ^ ^«-31°J ^-g- ^(620) Jflofl ^s}-^ SE^r ^Sj-^S ^s)^- 

ol-^£l#(632)* ^^tb^. 
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<65> s. 7c# ^S^, ^7] S}JE. v\+ 3.^(632) $H 3flH(634)^: ^tb^. 

#7] £S5l|^]iB 3flBi(634)^r ^ 10 ~ 100 jrf «^ iflofl^ ^^5]^ cfoftb 
7H^1:€- -g-sH 4>7l ^3^(632)^: ^#^1^1^-. ^7) Il^liE 2fl^(634)-g: ^ 

*H S}J= P>^a^(632)* ^S><*| <#7] ^ti.efl<y ^-g- «>^-(620)^l 

<3<*-gr ii#Al7lb ^Ajofl sfl^ ^ ^Tjl <3<^ n} i3 3xfl^(632a)* 

<66> J£ 7d» , n>^a 3fl^(632a) ^ iSefl^iH sflii (634)-|- ^ 

i3£ *}<*| ^-71 ^a.efl<y *8^-§- ^(620), ^>2l-5V(614) ^ 7l^r(612)-ir ^zHM <#7) 7} 
#(612)ofl ^ 10 ~ 100 !M2) ^ ^°\)*\ B 31*1 (636a, 636b)» 

^7} B3!*l(636a, 636b )b #7l 71^(612)^ # -r-^liLnf ^ ||o]t 7>7lJ£4=- 

< 67 > S. 7e» , ^"71 i^eflxl^E ^^(634)^- ^7]^ ^, #7l B 31*1 (636a, 636b) 

^ ^ ^ ^-71 <5>H p>ia sflBK632a)^ ^^"(640)^- ^7] H^^-(640) 

$H -#7} B 31*1 (636a, 636b )» *fl^-b ^1^1^(650)* 

<68> ^-71 3^(640)-^ -i-^ Ti^, TiN^-, ^s^, 5Eb °llr^ S^-^S <>1 

-f^H^ *r &i=k A oM ^1^(650)-^ ^1* TiN^, Ti^, Hlb S 

^-^0.5. oj^Loj^ ^ 0^4. ^-7] 7] ^1 ^-(650)ol TiN^-, Ti^\ 5Eb ^lw^l 2:^°.B 0)^,0] 
# ^71 iLJ:^(640)£- ^J^t *r 

<69> o] nfl, #71 B 31*1 (636a) 2}- ^<>1 ZL ^-fir B 31*1 (636a) ifl^ 

7} ^7} 71^^(650)^ cq § M *UMH, ^7] B 31*1 (636b) £°1 H ta] ^ 

^ B31*l(636b) ^^f# # 7 j ^71^(650)^.5. ^KMlTHl €4. 
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< 70 > s. 7f« t£^, CMP iE^r o^o} ^-7] B€^(636a, 636b) *| 

^1^(650)* ^1^*>^ #7] H 31*1 (636a, 636b) ifl-M iL2 iHfl- t^Rt afl^ 
(650a, 650b)# ^^W. n. #7) B3!*l (636aHHir #7} B31*](636a) vfl^-S 

«1 *H4-fe sfl€(650a)^ S^SIul, ^71 B 31*1 (636b HH^ir tflsf "U"7>^ 

^ ^#-§: 7>*lH^- ZL S 1 ^^ ^^-(650c)7> SHI^ *ll€(650b)°l "S^t}. 

<7i> £ 7 g# #S*>^, #71 71^(612)^ ^71 ^tiefl^l ^-g- ^(620)* cfl^SHr- ^ 

u Jr^ $W ££5^1iB 2fl€(660)^r U^^. #7l IS^liS ^11(660)^: #7] 

^-g- ^(620H1 ^ti.efl^l <3^# ^*>fe $H 

<72> £ 7h* ^-2:^, ^"71 5LS5fl*l>iB 2fl€(660)* ^ ^35. s}<*| >#7] 7]#(612) 

* -^W. n ^4, ^7) 71^(612)^ <#7) ^w-efl-y ^^-g- MVnV( 62 o)^ ^ju^oi <3*j 
(622) $H -¥-^L> ^l^^JL, #7l 7)^(612)^ ^7ls|^ &JL tfo}- ol^ JjL^ofl o]<5H 

A oM ^Tfl ^<*(624) ■£) ^"71 ^w.efl<y <^<^(622)^ *l*l*Rr ^B^(612a)°l ^€ 

q-. ^-71 5L£efl*l^H 3fl^(660)^r 7] ^ . 

<73> £ 7il- ^ ^ ^-71 • <+^(614), -SM il n -| 

(640)21 ic# ^£ ^ ^-71 <5>;EL 3flB](632a)* *%7]Z}3L 7^ #7l 

^^-8- «W620)-£ =L ^tUfl^ ^^(622)^1 ifloi ^H^(612a)^) ^ 

*}o} 7)7)S\v\ t s&7] ^J±efl°l <^^(622)^ ylsfl^ cg^ofl sfli£(650a, 
650b) ^-^Sl^ ^H^Hl ^-71 ^tUfl<y <£^(622)<>1 ^y.efl<y 

°J^(622a, 622b, 622c, 622d)°-S °\*]5L, #7] A ^Beflo] ^^(622a, 622b, 

622c, 622dW AA A o v 7l 3fli|d(550a, 550b)°-5- ^^^l^ 2L2i iH^<Hl ^1^1^ 

^ f27} ^<H^cf. #71 ^-^ ^^(622a, 622b, 622c, 622d)^- ^4 -*7l 7fl^- 
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(626H S]SH 3#3fe ^ 5fl^°l 2fl€ TMd*Ml £4. o^7H, -SM 

ei- SHU (650a, 650b)°-S ^3xr 12 iH^ #7l ^J±efl°l ^-§- 620)^1 ^fll^ 

(620a)o.3.-»M3 3H(L 5 )7> #71 nfloi iH^(612a)5l ^o](l 6 ) j±nf ^ ^-tf. 

£4] 

£LS iB5!i *1*1^. ^°11 4€- «>£^1 *1l5.el 4i*}°l 

<3<3 ifl*IM ^5131 ^lS.51 ^ <H3H o§<*^- *fl<^ q-^^i <8*H^ sfl^oi 

€^fl*}*l ^HeA^l ^Efls ^71^1 &ji n ^«^ofl ^.3- ^e^^. ^ig-o.s.*) ^ 

ti.Eflol <^^o] alm^ 3_t\] *V^<g ^^15. ^«.efl°lol ^ SE^ Sfl-^=)^ y ^l^ *r 

SJU, Ziofl tcj-sq- Olul^l Mfl^l oflel-i. ^^5).^ ^ olocj Stfl^o^ fl*} ^^£7> 7-1 §1-5] ^ ^ 
<75> PEth #S.*fl ^S-E] r£7} S.Z\ 4i7>5l ^olo>-g-oll icf el- iH^^l tifl*]<4 ZL 

S 3l f^till- ^ltb^l &jije. 4^*1 ^ ^TlHl ^I^tt (customized) 
3 ^fl^t-ol 7>^^cf. 
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1] 

^^-i- ^ #7l ^wefj 3^3. tiT-nT-D] cgol ^oj| 

3 -i- -if-^ *}^aL. 

2] 

[^t 1 * 3] 

#7} SL3= ^H^£r ^-71 *fl2^* ^5)o] ol^ 7}7]^ S-^ 
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4] 

7fll^°fl 91°) *\, 

t^*J- 5] 

^11%H1 &oH, 

^-71 iH^^r ^"71 *fl<?i iH^^f ^ °m 

7>^1^ ^ *>fe S^ *}SH. 

7] 
8] 
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sfr 7 ] iLSL^S: #7] SLS iS^fil *Hl M-§: ^1^1 tlr M-^^l ^Jl ^-t- If- 

[^t 1 * 9] 

*lll*<Hl 

4V7I JIJL^ Ti^, TiN^, je^ ol-i-o^ 2:^-o. S ojs^^^ ^ ^ 

10] 

-^-71 iLS iH^ ZL vfl«-7> *fl^ #U ^#1" 7Mb *%SL3, SJ-fe 

12] 

^B^S] *fll S.^ ii#Al7lb ^]2^-i: 7MH, 
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#7l 15 "U" ^ *§#-§- 7}7l£S #7l afll S^^l <&¥-7} £{M)^s\o] 

SX^ ^ ^SLS. *}±r ^31# 4^H. 
I^t 1 * 13] 

^iii^i 5a°w, 

<y ^JLS #7l al^m 3^ ^8 ^ p>i 

[^T 1 * 14] 

^Hd^ll ^ A >€ %^7) 4^ =fl^i -8-71 ^ 5fl 

^ *H^Rr ^Tfl ^^-g- i^>Ji ^1^ zl tiVcfl^ ^12^* 7>*]fe ^ 

-§- #7l ^y.efl<y ^-g- wvni-^ tfl^*Kr ^li^ ^ n tiVcfl^ ^12^# 7>^1^ 7l^r, a. 

£\JL #7] ^*Z]]9± *§^-g- WV^^ *fll^o4 #7l 71^^ A>o]ofl 7fl*flS|<H #3^# JE. 

«-*Hr ^*l*Hr #*|5*h 

#7l <£^MH ^7] ^tigflOl tg#-g- HVnVo] ^2^0.5.^-^ #71 

*H B€*l» ^SRr ^•TjlSf, 

#71 H^l^l vflofl X^nKg. ^ $^*Hr #7^, 

#71 71^ #71 ^y.eflo] <3Q=jofl ol^ ^'LV-a- ^7l§H #7] ^ Tfl # 7 1 ^ 
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15] 

S^ *}S3 *flS «o v ^ . 

16] 

^7} j£2: SB^o] ^^--i- 7}7.}sm ^7) 7]7]^ ^7} 

17] 

^14^1 sa°i-H. 

*l*l*q>fr ^71 ^a.efl<y ^-g- ej-^ ^12^* ^§-*H ^#3^ 7}7] 
[^t 1 * 18] 

*)U4%hi sa°H, 

P}i3 *flS ^ . 

IQtt 19] 

*U4%H1 9X°]*), 

%7] iLS il^f *§^*Hr £31^ 
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#7l B3!*l ^o\] iLJl^ *S#*Rr ^7j]^, 

20] 

^119%H1 5^^, 

#7l Jil^ Ti^-, TiN^, ^s)-^ S^r oll-^l S^-^S. ol^^x]^ ^ s. 

21] 

*fl 20*^1 5^1, 
• 22] 

^ii9^ofl shh, 

#7l ^.2: ^B^<>1 #^ 7>Xl£S- tfy] ^Bjvg. # 7 ] iLJrnV ^?HH #71 

*1« ^^1*1 ^B-T-^ 3* ^HJ *}^r ^S31^ 4^3 ^2: «o^. 

23] 

#71 *1*1^ #71 ^w.efl<y *g#-g- m}-^ ^2^ i^#5l^ *fll 7^1 

^, #71 ^B^H "U"7>^ cj-^ 7M£S ^- 7 ) ^ <|JtL 7 |. ol 

tt 3* ^-2-3 §Rr 4i3 ^12 «o V ^. 
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24] 

*n 19^1-4] sa^n, 

A o V 7l nflo] ae^^ *§^*Hr ^HH^r ^71 ^tiefl<y <§^-g- MV^ol nfl 7 >^ 
25] 

all 14*^1 5a°H, 

26] 

all 25*41 

A oM 7fl^# *g^*Rr #7l 12 iB^ ^ 4I«?1 ^H^H ^€ ^ *8*fl*lfe 

^-^^S. SJ-fe alls . 

27] 

all25*4l SX^*}, 

^7} 7fl^# <g>S*Hr ^-71 12 iE5 ^ 41 °J iH^!# #41 <8«fl*l 

28] 

71^;, ^VSl-B]- ^ ^E}^ K^O] SOI 7l^r* ^ ^}^, 
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#7l ^ $H #7l ^ X) 1 n>>,a sfll^ 

#7l XI 1 ^^^r ^ u>^3.S. *H #5^ *J 71^-g- ^j^H 

H31*l« <S#*Hr 

#7l H«*l vflofl ^1^1^ ^fl^ JiS ^S^* ^#*Rr ^7^1^, 

#7l 7]^ #7l o^l cfl^Vfe- TgS] tilcfl^ ^ofl P>^£1 2fl€* ^#*Hr # 

#7l XI 2 4^1- #2}- 4i31 «H #7l 7]^ ^Z]-*H #71 

tWHr tpflo] ^*Kr ^TflsK 

#71 ^ti.eflo] <3<£HH #71 ^LS ie^oii tH^TT tflofl Sfllg 

o] ^^j£l5L^ #71 ^Sle 7fl^«- *§#*Rr ^Xll- i^SRr 3* f^li 

XI 2: H o V ^. 

29] 

X128%H1 &°H, 

#71 XI 1 Bfl^^r S}2= 3f)^4, #7l <5>£L u>^aL 3fl€* 

H sflUJlS ol^ol^l^ ^jo. ^ ^31^3 n>^a XI S «o V ^ . 
[^t 1 * 30] 

X128%H1 5U<H-H, 

#71 H^^l ^# ^XHH^r #71 7^1- #71 71^ # ^- ^11^.4 ^ XI 1 
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31] 

^128%H1 &oH, 

#7] ^1^1^ Tim, Ti^- o]&2>\ 2:^o.s. ol^^l^ 3}^ s. 

32] 

*fl28*<Hl &<>H, 

33] 

*fl28lMl 

^ nV£. >^ 7l ^^3. wl-nV-g- ^#£l^r ^1 7V*H , ^7} iLS ±B 

*}tt *}^£1 • 

[^^■*o> 34] 

^28^1 5^1, 

^7) iflo|j #7] ^1^1^ #7fl« i^>^r S-^l^ ^ 
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l^^-ty 35] 

*)134%M1 91°]*], 

. ^7] 12^ Ti^l, TiN^, ^S)-^ ^ o]^s] S^o.S. °l-f-<>Mfe- ^-g- s- 

36] 

*)135%M1 3X<>\*\, 
37] 

38] 

#7] *}*}^-& #7] ^-ir ^#3^ XI 1 S.^ 7}*)v\, ^7} iLS 

39] 

71^:, ^ wvnvol SOI 7l^r# ^l*-}^ 
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A oM wv^HlAi u)l ^ <3<* ojs. A ]_o]ofl ^*13tt Hl3£fl^ 4^ 

^ « g^r X]l 3rfl^^- ^-741^, 

A oM tilsflu ^^oii ^*Ur ^r^sq-, 
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